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OPTICAL LINE TERMINAL, PASSIVE 
OPTICAL NETWORK SYSTEM, AND 
BANDWIDTH ASSIGNMENT METHOD 

CLAIM OF PRIORITY 

[0001] The present application claims priority from Japa 
nese patent application JP 2009-065463 ?led on Mar. 18, 
2009, the content of Which is hereby incorporated by refer 
ence into this application. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a high-speed optical 
access network and, more speci?cally, to a technique effec 
tively applied to a passive optical network (PON) system 
capable of providing a high-speed Internet service for home 
through an optical ?ber and an optical line terminal being a 
station-side device applied to the PON system. 

BACKGROUND OF THE INVENTION 

[0003] According to the inventors’ investigation, in the 
PON system, the speed and the bandWidth of a communica 
tion netWork are being increased to transmit and receive a 
large amount of image signals or data even in an access 
netWork for connecting a subscriber to a communication net 
Work. The PON system speci?ed by the recommendation 
G984.l-3 of the International Telecommunication Union 
(hereinafter, referred to as ITU-T) has been introduced. 
[0004] The PON system is one in Which the OLT being the 
station-side device connected to a host communication net 
Work is connected to an optical netWork unit (ONU) being a 
user’s home-side device housing a plurality of subscriber 
terminals (PC or telephone) by an optical passive netWork 
including a trunk optical ?ber, an optical splitter, and a plu 
rality of stay optical ?bers. 
[0005] The optical ?ber netWork of the PON system 
includes a concentration optical ?ber connected to the OLT, a 
plurality of stay optical ?bers connected to the ONUs, and an 
optical splitter (or an optical coupler) connecting the stay 
optical ?bers to the concentration optical ?ber and is an 
optical distribution netWork (ODN) in Which a plurality of the 
ONUs can share an optical transmission line betWeen the 
OLT and the optical splitter. 
[0006] The cost of laying doWn the optical ?ber of the PON 
system can be substantially made smaller than that using 
other broad band access techniques. In particular, a Gigabit 
Ethernet PON (GE-PON) and a Gigabit-Capable PON (GE 
PON) system are capable of transferring a variable-length 
data frame at a Gigabit-level high-speed and providing an end 
user With various types of broad band netWork applications. 
The GE-PON is disclosed in IEEE802.3ah “Ethemet in the 
First Mile.” The G-PON is disclosed in the recommendation 
of ITU-T G.984.l “Gigabit-Capable Passive Optical Net 
Works (GPON): General characteristics.” 
[0007] In the PON system, an upstream bandWidth of an 
upstream signal is dynamically assigned to a plurality of the 
ONUS With time-division access to prevent signals from 
interfering in one another betWeen the ONUs being the user’s 
home-side devices. When a bandWidth control is performed 
by a method speci?ed by the ITU-T recommendation G983 .4 
being a conventional method, a dynamic bandWidth assign 
ment (DBA) function is realiZed by the OLT of the station 
side device analyZing data storage information of an up stream 
cell buffer collected from the ONU for each polling period. In 
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other Words, a larger upstream bandWidth yet to be used is 
assigned to the ONU storing a large amount of data. 
[0008] Speci?cally, the OLT of the station-side device 
receives a request for a bandWidth for data amount desired to 
be previously transmitted upstream from the ONUs of the 
user’s home-side devices, determines a bandWidth to be 
assigned thereto and noti?es (grants) the ONU of an alloW 
able transmission bandWidth. The grant includes a transmis 
sion starting time and an alloWable transmission length. This 
alloWs the ONU to transmit upstream a predetermined 
amount of data. 
[0009] The method of assigning the upstream transmission 
bandWidth for a request for the bandWidth from a plurality of 
the ONUs of the user’s home-side devices is classi?ed into the 
folloWing tWo types: a distribution DBA in Which on arrival of 
a request from one ONU, for example, the OLT assigns a 
bandWidth to the ONU as required; and a centraliZation DBA 
in Which the OLT collects requests for the bandWidth from a 
plurality of the ONUs (generally, all of the ONUs) in the 
polling period and generally assigns bandWidths based on the 
requests for the bandWidth therefrom. 
[0010] The term polling period refers to a period in Which 
the request for the bandWidth is collected from the ONU. A 
bandWidth assignment period refers to a period in Which data 
is transmitted from the ONU granted. The polling period may 
be similar to or different from the bandWidth assignment 
period. 
[0011] For example, for the relationship betWeen the poll 
ing period and the bandWidth assignment period, it is knoWn 
that the polling period is similar the bandWidth assignment 
period in the distribution DBA. In the centraliZation DBA, on 
the other hand, it is knoWn that a service class is classi?ed into 
a loW delay class in Which the maximum value of delay is 
de?ned based on one upstream polling period and a normal 
delay class in Which the maximum value of delay is not 
de?ned, the bandWidth assignment period of the loW delay 
class is set smaller than that of the normal delay class to make 
compatible the effective use of the loW delay and the band 
Width. 
[0012] A method of controlling such a polling period is 
disclosed in WO publication No. 99/ 038292.According to the 
publication, When the ONU receives a bursty traf?c, the ONU 
controls the polling period to control the data delay. 
[0013] In an Internet protocol (IP) netWork, a video deliv 
ery service requiring a high-speed data transfer has been 
activated such as a triple play service merging together broad 
casting, telephone, and data communication in addition to 
speech communication and data service. A netWork television 
(Internet protocol television IPTV) in the triple play service is 
one of the most important broad band applications. 
[0014] The IP netWork mainly uses the TCP and the UDP 
protocol to transfer a packet. A transport control protocol 
(TCP) is used in a data service high in reliability and a user 
datagram protocol (UDP) is used in speech communication 
and IPTV service are stringent in delay. The PON can also 
transfer these packets to Which bandWidths are assigned. The 
PON system assigns the bandWidth of the normal delay class 
to the TCP packet and assigns the bandWidth of the loW delay 
class to the UDP packet. 
[0015] In general, the throughput of the TCP is determined 
by a WindoW siZe and round-trip time (RTT). The PON trans 
fers a packet for the WindoW siZe at a high speed by a TCP 
packet assigning a large bandWidth thereto, realiZing a high 
throughput. 
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[0016] In a 1 Gbps-class GE-PON, for example, when 32 
user’s home-side devices are connected, an average assign 
ment bandwidth for each ONU is approximately 30 Mbps. If 
the window siZe is 64 Kbytes, the throughput of the TCP can 
reach 30 Mbps in an RTT of 17.1 msec or less. The RTT 
includes data delay in not only the PON but the network 
portion. In the 1 Gbps-class GE-PON, the in?uence of data 
delay in the PON is small. 

SUMMARY OF THE INVENTION 

[0017] As a result of study of the inventors, the following 
becomes clear with respect to the aforementioned PON sys 
tem. For example, in the 1 Gbps-class GE-PON, an in?uence 
which data delay due to the bandwidth assignment period 
exerts on the RTT of the TCP is small, which does not affect 
the throughput of the TCP. In the 10 Gbps-class PON, how 
ever, if the bandwidth assignment period is constant, data 
delay is also constant, which causes a problem that the 
throughput cannot be increased if such a data transfer proto 
col as to con?rm whether data can be transferred like the TCP. 
[0018] The relationship between the RTT and the through 
put is described below with reference to FIG. 14. Described 
below is the transmission of TCP data from a user terminal to 
a server. The user terminal transmits the TCP data. An ONU 
20 receives the TCP data, then transmits a bandwidth request 
(Report) and receives a noti?cation (grant) of the allowable 
transmission bandwidth from an OLT 10. The ONU 20 trans 
mits data at the time allowed. The OLT 10 transmits the 
received TCP data to the server. The server receives the TCP 
data and then transmits an ACK being con?rmation response 
to the user terminal. The user terminal receives the ACK and 
then transmits the next TCP data. In general, the TCP de?nes 
the amount of packets capable of being transmitted until the 
ACK is received as a TCP window siZe. The RTT is de?ned as 
time during which the TCP data is transmitted and then the 
ACK is received. For the data transfer in the PON, a time 
during which the ONU 20 transmits the bandwidth request 
and then receives data is de?ned as a delay. 
[0019] For example, in the 10 Gbps-class GE-PON, when 
32 user’s home-side devices are connected, an average 
assignment bandwidth for each ONU is approximately 300 
Mbps. If the window siZe is 64 Kbytes, the throughput of the 
TCP can reach 300 Mbps in an RTT of 17.1 msec or less. At 
this point, the in?uence of data delay in the PON is large. 
[0020] In the foregoing conventional system, the band 
width assignment period is determined only by the service 
class and data delay in the PON for each service class is ?xed, 
so that the RTT of data such as the TCP is also ?xed, which 
does not increase the throughput of data such as the TCP. It is 
needless to say that the window siZe may be increased, which 
is however not enough to solve the problem because the 
increase of the window siZe causes a problem that a large 
amount of retransmission packets is produced if a packet is 
lost. 
[0021] The data delay in the PON is determined by the 
process time of the DBA. This mainly includes a time during 
which the PON receives the bandwidth request of data 
amount, determines the bandwidth to be assigned thereto, and 
grants the allowable transmission bandwidth. In general, as 
described above, the data delay in the PON is N times as long 
as the polling period and the bandwidth assignment period. 
[0022] In such a conventional DBA technique, a mainte 
nance signal needs to be transmitted at least once for each 
polling period in the transmission timing granted to the ONU 
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of the user’s home-side device by the OLT of the station-side 
device. When the ONU transmits data, the ONU transmits a 
data signal at least once for each bandwidth assignment 
period. The ONU needs to transmit a signal for synchronizing 
a clock with a signal for adjusting the level of the signal 
immediately before the data is transmitted. This decreases the 
bandwidth for transmitting the data by the bandwidths for 
transmitting the maintenance signal and adjusting the level of 
the signal. The shorter the polling period and the bandwidth 
assignment period, the larger the decrease in the bandwidth. 
[0023] A method for reducing the data delay is described 
below. An method of reducing the bandwidth assignment 
period is exempli?ed to reduce the data delay. The bandwidth 
assignment period determines the data delay. Therefore, the 
polling period and the bandwidth assignment period are care 
lessly increased to decrease the decrease in the bandwidth, 
which causes a problem that the data delay is increased. This 
makes it dif?cult to select the bandwidth assignment period. 
[0024] Furthermore, even though the polling period is con 
trolled using the method disclosed in WO publication No. 
99/038292, the throughput of data such as the TCP cannot be 
increased. 
[0025] The object of the present invention is to provide a 
communication service capable of being used in service large 
in degradation of throughput due to delay of TCP data, for 
example, and maximiZing throughput for each subscriber 
request source by optimiZing data transfer delay and assign 
ment bandwidth. 

[0026] The above and other objects and novel features of 
the present invention will become apparent from the follow 
ing description and the attached drawings of the present 
speci?cation. 
[0027] An outline of typical aspects, of the invention, 
among those disclosed in the present application, is brie?y 
described below. 
[0028] According to the typical aspects of the invention, an 
OLT of a station-side device includes: a bandwidth request 
reception means for receiving bandwidth requirements from 
each of the plurality of ONUs of station-side devices; a band 
width assignment period calculation means for calculating 
the following bandwidth assignment period for each request 
source based on the received bandwidth requirements for 
each request source; a bandwidth assignment calculation 
means for calculating the following bandwidth assignment 
for each request source based on the received bandwidth 
requirements for each request source; and a transmission 
allowance transmission means for transmitting transmission 
allowance based on the calculated bandwidth assignment to 
each of the plurality of ONUs. 
[0029] Advantages obtained by the typical aspects of the 
invention, among those disclosed in the present application, 
are brie?y described below. 
[0030] In other words, advantages obtained by the typical 
aspects of the invention are that a communication service 
capable of maximiZing throughput for each subscriber 
request source can be provided because the dynamic band 
width assignment is performed while data delay and overhead 
are taken into consideration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a block diagram showing a con?guration of 
a PON system and an internal con?guration of an OLT of the 
?rst embodiment according to the present invention; 
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[0032] FIG. 2 is a block diagram showing an internal con 
?guration of an ONU in the ?rst embodiment according to the 
present invention; 
[0033] FIG. 3 is a diagram showing the polling period and 
the bandwidth assignment period in the OLT in the ?rst 
embodiment according to the present invention; 
[0034] FIG. 4 is a diagram showing another polling period 
and bandwidth assignment period in the OLT in the ?rst 
embodiment according to the present invention; 
[0035] FIG. 5 is a ?ow chart showing the process ofa DBA 
function in the ?rst embodiment according to the present 
invention; 
[0036] FIG. 6 is an example of the bandwidth request of 
data amount and the noti?cation of the allowable transmis 
sion bandwidth in the ?rst embodiment according to the 
present invention; 
[0037] FIG. 7 is a table showing an ONU management table 
in the ?rst embodiment according to the present invention; 
[0038] FIG. 8 is a diagram describing the throughput of a 
TCP in the ?rst embodiment according to the present inven 
tion; 
[0039] FIG. 9 is a block diagram showing an internal con 
?guration of an ONU in the second embodiment according to 
the present invention; 
[0040] FIG. 10 is a ?ow chart showing the process ofa DBA 
function in the second embodiment according to the present 
invention; 
[0041] FIG. 11 is a ?ow chart showing the process ofa DBA 
function in the third embodiment according to the present 
invention; 
[0042] FIG. 12 is a ?ow chart showing the process ofa DBA 
function in the fourth embodiment according to the present 
invention; 
[0043] FIG. 13 is a ?ow chart showing the process ofa DBA 
function in the ?fth embodiment according to the present 
invention; and 
[0044] FIG. 14 is a diagram describing the ?ow of TCP data 
in a general PON system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] The embodiments of the present invention are 
described in detail below with respect to drawings. In all the 
drawings describing the embodiments, the similar members 
are dented by the same reference numerals and characters in 
principle to omit the description thereof. 
[0046] In the following embodiments, there is described an 
example where the present invention is applied to the G-PON 
using the ITU standard, the present invention however can be 
applied to other PON systems in addition to the G-PON, such 
as, for example, the GE-PON suited for transfer of informa 
tion by the Ethernet (registered trademark) frame and a broad 
band PON (B-PON) for transferring information by a ?xed 
length ATM cell in a PON section. 

First Embodiment 

[0047] The PON system of the ?rst embodiment according 
to the present invention is described below based on FIGS. 1 
to 8. 

[0048] FIG. 1 is a block diagram showing a con?guration of 
a PON system of the ?rst embodiment according to the 
present invention. 
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[0049] The PON system includes an OLT (also referred to 
as a station-side device or an optical line terminal) 10, a 
plurality of ONUs (also referred to as a user’s home-side 
device or an optical network unit) 20 (#1: 20-1, #2: 20-2, #3: 
20-3, . . . , #N: 20-N), and an optical distribution network 

(ODN) in a PON section for connecting these elements. The 
optical distribution network in the PON section includes a 
concentration optical ?ber 30 connected to the OLT 10 and 
stay optical ?bers 31 (31-1 to 31-N) connected to the ONUs 
20. The stay optical ?bers 31 are branched from the concen 
tration optical ?ber 30 by an optical splitter (or an optical 
coupler) 32. The OLT 10 is generally installed in a user-line 
accommodation station owned by a carrier or an Internet 
service provider (ISP) and the ONU 20 is installed in a build 
ing such as an o?ice, a condominium and the like or a user’s 
home. 
[0050] The present embodiment is based on the GE-PON 
with an upstream transmission rate from each ONU 20 to the 
OLT 10 of 1 Gbps. Therefore, the access control of the ONU 
20 is basically performed in accordance with the communi 
cation system of the GE-PON. The ONU 20 transmits a 
request (also referred to as a bandwidth request or a report) 
which represents the amount of data transmitted from the 
ONU 20 to the OLT 10 in units of two bytes and a grant 
(noti?cation of allowable transmission bandwidth) corre 
sponding to the request is represented by an allowable trans 
mission length in units of two bytes and a transmission start 
time. Time is represented by the value of a counter increment 
ing every 16 ns and synchroniZed in the PON system. 

Con?guration of OLT 

[0051] FIG. 1 is a block diagram showing an internal con 
?guration of the OLT. The OLT 10 performs the dynamic 
bandwidth assignment. 
[0052] In FIG. 1, the OLT 10 includes a reception line IF 
unit 107 for receiving a downstream signal to be transmitted 
to the ONU 20 from an upstream network, a downstream 
reception buffer 108 for temporarily storing the received 
downstream signal, a PON frame generation unit 109 for 
generating a PON frame, a downstream transmission buffer 
110 for temporarily storing the PON frame to be transmitted, 
an E/O conversion unit 111 for converting an electric signal 
to, an optical signal, and an optical transmission and recep 
tion unit 101 for inputting the optical signal to an optical ?ber. 
[0053] Furthermore, the OLT 10 includes an optical trans 
mission and reception unit 101 for receiving an upstream 
optical signal to be transmitted to the upstream network from 
the ONU 20, an O/E conversion unit 102 for converting the 
optical signal to an electric signal, an upstream reception 
buffer 103 for temporarily storing the received upstream sig 
nal, a PON frame analysis unit 104 for analyZing the PON 
frame, an upstream transmission buffer 105 for temporarily 
storing a signal to be transmitted, and a transmission line IF 
unit 106 for transmitting the signal to the upstream network. 
[0054] Still furthermore, the OLT 10 includes an OLT con 
trol unit 120 equipped with a multi-point control protocol 
(MPCP) control unit 121 having functions of a bandwidth 
request reception means for receiving bandwidth require 
ments from each ONU 20 and a transmission allowance trans 
mission means for transmitting transmission allowance to 
each ONU 20 based on a calculated bandwidth assignment 
and a DBA control unit 122. The DBA control unit 122 
includes a dynamic bandwidth assignment calculation unit 
123 having a function of a bandwidth assignment calculation 
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means for calculating the following bandwidth assignment 
for each request source based on the received bandWidth 
requirements for each request source, a bandWidth assign 
ment period calculation unit 124 having a function of a band 
Width assignment period calculation means for calculating 
the folloWing bandWidth assignment period for each request 
source based on the received bandWidth requirements for 
each request source, and an ONU management table 125. 
[0055] The MPCP control unit 121 transmits and receives 
the bandWidth request signal of data amount and the noti? 
cation signal of the alloWable transmission bandWidth. The 
MPCP control unit 121 receives the bandWidth request of data 
amount, the dynamic bandWidth assignment calculation unit 
123 determines the bandWidth to be assigned thereto, the 
bandWidth assignment period calculation unit 124 deter 
mines a bandWidth assignment period, and the MPCP control 
unit 121 performs noti?cation (grant) of the alloWable trans 
mission bandWidth. The grant is formed of transmission start 
time and the alloWable transmission length. Thus, the ONU 
20 can transmit a predetermined amount of upstream data. 

Con?guration of ONU 

[0056] FIG. 2 is a block diagram shoWing an internal con 
?guration of the ONU. The GNU 20 performs a bandWidth 
request based on the amount of data storage of the dynamic 
bandWidth assignment. 
[0057] In FIG. 2, the ONU includes a reception line IF unit 
207 for receiving an upstream signal to be transmitted to the 
OLT 10 from a user terminal, an upstream reception buffer 
208 for temporarily storing the received upstream signal, a 
PON frame generation unit 209 for generating a PON frame, 
an upstream transmission buffer 210 for temporarily storing 
the PON frame to be transmitted, an E/O conversion unit 211 
for converting an electric signal to an optical signal, and an 
optical transmission and reception unit 201 for inputting the 
optical signal to an optical ?ber. 
[0058] Furthermore, the ONU 20 includes an optical trans 
mission and reception unit 201 for receiving a doWnstream 
optical signal to be transmitted to the user terminal from the 
OLT 10, an O/E conversion unit 202 for converting the optical 
signal to an electric signal, a doWnstream reception buffer 203 
for temporarily storing the received doWnstream signal, a 
PON frame analysis unit 204 for analyZing the PON frame, a 
doWnstream transmission buffer 205 for temporarily storing a 
signal to be transmitted, and a transmission line IF unit 206 
for transmitting the signal to the user terminal. 
[0059] Still furthermore, the ONU 20 includes an ONU 
control unit 220 having an MPCP control unit 221 and a 
buffer monitor unit 222. The buffer monitor unit 222 monitors 
the amount of data storage in the up stream transmission 
buffer 210. The MPCP control unit 221 transmits and receives 
the bandWidth request signal of data amount and the noti? 
cation signal of the alloWable transmission bandWidth based 
on the amount of data storage from the buffer monitor unit 
222. The MPCP control unit 221 performs the noti?cation of 
bandWidth request of data amount and receives the noti?ca 
tion (grant) of the alloWable transmission bandWidth from the 
OLT 1 0. The grant is formed of transmission start time and the 
alloWable transmission length. Thus, the ONU 20 can trans 
mit a predetermined amount of upstream data. 

Dynamic BandWidth Assignment 
[0060] The DBA control unit 122 of the OLT 10 performs 
the centraliZation DBA. FIG. 3 is a sequence diagram of the 
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centralization DBA. As shoWn in FIG. 3, in the centraliZation 
DBA, a single grant G simultaneously performs a bandWidth 
assignment for both request and data. 
[0061] Each ONU 20 separately transmits the requests (R1 
to RN) 302 and data (D1 to DN) 303 to Which an overhead 
bandWidth 301 is added according to the grant G. First, the 
OLT 10 collectively receives only the requests separately 
from the data and starts the bandWidth assignment process 
When it ?nishes receiving the requests of each ONU 20. 
[0062] A typical example of the centralization DBA pref 
erentially assigns a bandWidth to the request from the ONU 
20 that lacks for bandWidth assignment in the range of the 
bandWidth assignment period (grant cycle). The OLT 10 of 
the present embodiment also performs this type of the cen 
traliZation DBA. The ONU 20 transmits the bandWidth 
request signal to the OLT 10 for each polling period. FIG. 4 is 
a sequence diagram in Which the polling period is different 
from the bandWidth assignment period. As shoWn in FIG. 4, 
the DBA can also set small the bandWidth assignment period 
to reduce the transfer delay of data in the PON. 
[0063] FIG. 5 is a How chart shoWing the process of a DBA 
function. In step 401, the MPCP control unit 121 receives a 
bandWidth request for data from the ONU 20 and updates the 
ONU management table 125. In step 402, the dynamic band 
Width assignment calculation unit 123 calculates an assign 
ment bandWidth based on information of the ONU manage 
ment table 125. The dynamic bandWidth assignment 
calculation unit 123 performs a dynamic bandWidth assign 
ment process for determining hoW much communication 
bandWidth is assigned to each of a plurality of the ONUs 20. 
The communication bandWidth denotes hoW much byte 
length out of the total byte length that can be transmitted in 
one bandWidth period is assigned to each ONU 20. In step 
403, the bandWidth assignment period calculation unit 124 
calculates the bandWidth assignment period based on infor 
mation of the ONU management table 125. In step 404, the 
MPCP control unit 121 noti?es the ONU 20 of the transmis 
sion alloWance (grant) including the bandWidth information 
assigned to the ONU 20. The ONU 20 instructed by the grant 
transmits upstream data based on the grant. Each ONU 20 
transmits data at the timing When the ONU 20 is alloWed to 
transmit data by the OLT 10. Each ONU 20 determines the 
timing to ?nish transmitting by the alloWed communication 
byte length. 
[0064] FIG. 6 is an example of the bandWidth request of 
data amount and the noti?cation (grant) of the alloWable 
transmission bandWidth. The request includes an LLID 501, 
a request bandWidth value (amount of storage data) 502, and 
kind of data service 503. The grant includes an LLID 504, an 
alloWable transmission length 505, and an alloWable trans 
mission time 506. Although only one of the respective values 
is included in the example, a plurality of the values may be 
included. The logical link ID (LLID) is a logical link to 
identify the ONU. If the ONU is provided With a plurality of 
buffers, the LLID may be assigned to each buffer. Therefore, 
if the buffer is assigned to each kind of service of data, request 
bandWidth and transmission alloWance can be provided for 
each kind of service of data. 

[0065] FIG. 7 shoWs an example of an ONU management 
table. The ONU management table 125 stores an ONUID 601 
(or LLID), an assignment bandWidth 602 for each ONU, a 
bandWidth assignment period 603, a data request delay 604, 
and a throughput 605, as information for transmitting the 
noti?cation (grant) of the alloWable transmission bandWidth 
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of DBA. The assignment bandwidth 602 is determined by the 
dynamic bandWidth assignment calculation unit 123. The 
bandWidth assignment period 603 is determined by the band 
Width assignment period calculation unit 124. Methods of 
determining these values are described later. The data request 
delay 604 is transmitted based on the request from each ONU. 
The throughput 605 calculates a value in Which a bandWidth 
required for overhead is subtracted from assignment band 
Width. In other Words, the throughput:(assignment band 
Width)—(overhead bandWidth). The overhead is composed of 
a maintenance signal and synchronous time of data as 
described above. 
[0066] BeloW are described speci?c functions of the 
dynamic bandWidth assignment calculation unit 123 and the 
bandWidth assignment period calculation unit 124. 
[0067] In a normal operation, only the contracted band 
Width is assigned to each ONU 20. If the DBA function is 
effective, the contracted bandWidth is assigned to all the 
connected ONUs 20 and then, if there is a request from the 
ONU 20 in the case Where a bandWidth still to be used exists, 
an area yet to be used may be used to increase the bandWidth 
for the ONU 20. Thus, a method of effectively using the 
bandWidth still to be used is the DBA function in the PON 
system. Refer to ITU-T recommendation G.983.4 for further 
details of the function. 
[0068] The dynamic bandWidth assignment calculation 
unit 123 calculates the assignment bandWidth for the ONU 20 
based on the bandWidth request according to the amount of 
data storage from the ONU 20 using the normal DBA func 
tion. The bandWidth assigned to the ONU 20 includes the 
overhead for a synchronization signal and a maintenance 
signal. As described above, When the ONU 20 transmits data, 
the ONU 20 needs to transmit a signal for synchronizing a 
clock With a signal for adjusting the level of the signal at least 
once for each bandWidth assignment period immediately 
before the data is transmitted. This decreases the bandWidth 
for transmitting the data by the bandWidth for adjusting the 
level of the signal. The shorter the bandWidth assignment 
period, the larger the decrease in the bandWidth. That is to say, 
the bandWidth assignment period needs to be determined 
before the calculation of the throughput for each ONU. 
[0069] A method of determining the bandWidth assignment 
period is described beloW. The bandWidth assignment period 
calculation unit 124 determines a bandWidth period based on 
the bandWidth for the signal for synchronizing the clock With 
the signal for adjusting the level of the signal and the data 
request delay. 
[0070] In the GE-PON, as the bandWidth for the signal for 
synchronizing the clock With the signal for adjusting the level 
of the signal, the ON/OFF time of laser is de?ned as 512 nsec 
and the clock synchronization time is 800 nsec. A guard band 
time of approximately 1 usec to 5 usec is set betWeen the 
ONU signals to prevent signals from interfering With each 
other. Hereinafter, these bandWidths are referred to as an 
overhead bandWidth. Actual parameters are not limited to 
those, because the parameters depend on the design speci? 
cations of the system. In other Words, the overheadbandWidth 
is increased according as the bandWidth assignment period is 
decreased. 
[0071] Here We assume that 300 Mbps, for example, is 
assigned to the bandWidth of the ONU. If the bandWidth 
assignment period is 0.5 msec and the overhead bandWidth is 
taken as 30%, the throughput becomes 210 Mbps (300 Mbps>< 
70%). If the bandWidth assignment period is 2 msec, the 

Sep. 23, 2010 

overhead bandWidth is taken as 10%, the throughput becomes 
270 Mbps (300 Mbps><90%). Therefore, the shorter the band 
Width assignment period, the more the throughput; and the 
longer the bandWidth assignment period, the less the through 
put. The throughput and the bandWidth assignment period 
have a relationship of trade-off. 
[0072] The data transfer delay in the PON system is the 
time during Which the ONU 20 receives data, transmits a 
request signal, receives a grant signal, and transmits data. The 
delay includes a propagation delay in an optical ?ber and a 
calculation process time of the system. That is to say, the 
bandWidth assignment period may be calculated based on the 
request delay of the PON system. 
[0073] If the data request delay is 4 msec, for example, and 
if the range of the bandWidth assignment period is from the 
transmission of the request signal to the reception of the grant 
signal, the bandWidth assignment period may be set to 3 msec. 
Actual parameters are not limited to this, because the param 
eters depend on the design speci?cations of the system. For 
this reason, if the data request delay is 4 msec, the bandWidth 
assignment period is 2 msec. If the overhead bandWidth is 
10%, the throughput is 270 Mbps (300 Mbps><90%). If the 
data request delay is l msec, the bandWidth assignment 
period is 0.5 msec. If the overhead bandWidth is 30%, the 
throughput is 210 Mbps (300 Mbps><70%). 
[0074] The bandWidth assignment period calculation unit 
124 determines the bandWidth assignment period to maxi 
mize the throughput. Here We take a bandWidth request of 2 l 0 
Mbps from the ONU 20 as an example. As a ?rst example, if 
a bandWidth of 300 Mbps is assigned as the assignment result 
of the DBA function, the bandWidth assignment period is 0.5 
msec Which is the minimum value satisfying a throughput of 
210 Mbps. This can achieve a throughput of 210 Mbps With 
the data delay minimized. As a second example, if a band 
Width of 200 Mbps is assigned as the assignment result of the 
DBA function, the bandWidth assignment period is 5 msec 
(previously set upper limit value) and a throughput is 190 
Mbps at a maximum. 

[0075] For the data delay described above, the bandWidth 
assignment period calculation unit 124 may receive a request 
from a netWork operator outside the OLT 10 to set the data 
request delay or may automatically set the data request delay 
in collaboration With a server being a transmission source of 
the data signal. 
[0076] The above function can maximize the throughput if 
a data transfer protocol for con?rming Whether data can be 
transferred, such as in particular the transport control protocol 
(TCP), is used. Since the throughput of the TCP depends on 
the RTT, the data transfer delay in the PON system is desir 
ably minimized. HoWever, it does not make sense if the 
throughput for each ONU is loWered due to the overhead 
bandWidth as a result of that. 

[0077] FIG. 8 is a diagram shoWing the throughput of the 
TCP. As described above, the greater the limiting curve of the 
throughput due to overhead, the longer the bandWidth assign 
ment period. This is because a ratio of the overhead to the 
bandWidth is decreased. On the other hand, the smaller the 
limiting curve of the throughput due to TCP delay, the longer 
the bandWidth assignment period. This is because the long 
bandWidth assignment period increases data transfer delay in 
the PON, thereby, increasing the RTT of the TCP. As is clear 
from the ?gure, both of the throughput and the bandWidth 
assignment period have a relationship of trade-off. The 
throughput of the ONU is maximized at the intersecting point 
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of the limiting curves. Therefore, the bandwidth assignment 
period calculation unit 124 calculates the bandWidth assign 
ment period in Which the throughput of the TCP in the PON 
system is maximiZed. 
[0078] Thus, according to the present embodiment, the 
OLT 10 calculates the folloWing bandWidth assignment 
period for each request source based on bandWidth require 
ments for each request source from the ONU 20, calculates 
the folloWing bandWidth assignment amount for each request 
source based on the bandWidth requirements for each request 
source, and transmits the transmission alloWance based on the 
calculated bandWidth assignment amount to each of the 
ONUS 20, thereby performing the dynamic bandWidth 
assignment While considering the data delay and the over 
head. This alloWs maximizing the throughput for each sub 
scriber request source. 

Second Embodiment 

[0079] The PON system of the second embodiment accord 
ing to the present invention is described beloW based on FIGS. 
9 and 10. 

[0080] FIG. 9 is a block diagram shoWing an internal con 
?guration of an ONU of the second embodiment according to 
the present invention. The example of FIG. 9 includes a 
service identi?cation unit 212 With a function of service iden 
ti?cation means for identifying and classifying kinds of ser 
vice of data received from a user terminal and transferring the 
data betWeen a PON frame generation unit 209 and an 
upstream transmission buffer 210. The upstream transmis 
sion buffer 210 includes a buffer for TCP data 213, a buffer for 
UDP data 214, and a selector 215. Other components are 
similar to those in the above ?rst embodiment. 

[0081] The service identi?cation unit 212 identi?es the 
receivedpackets, classi?es them to corresponding buffers and 
transfer the packets. The MPCP control unit 221 noti?es the 
OLT 10 of the amount of data storage in the buffer for TCP 
data 213 as the bandWidth request. The DBA control unit 122 
in the OLT 10 calculates the assignment bandWidth and the 
bandWidth assignment period based on the bandWidth request 
from each ONU. 

[0082] FIG. 10 is a How chart shoWing the process ofa DBA 
function. In step 901, the MPCP control unit 121 receives a 
bandWidth request for data from the ONU 20 and updates the 
ONU management table 125. In step 902, the dynamic band 
Width assignment calculation unit 123 calculates an assign 
ment bandWidth based on information of the ONU manage 
ment table 125. The bandWidth is assigned based on the 
bandWidth request according to a normal DBA procedure. In 
step 903, the bandWidth assignment period calculation unit 
124 compares the request bandWidth With the throughput of 
the ONU 20 calculated from the assignment bandWidth based 
on information of the ONU management table 125. In step 
904, the bandWidth assignment period calculation unit 124 
increases the bandWidth assignment period if the request 
bandWidth is greater than the throughput of the ONU 20, 
Which increases the throughput of the ONU 20. On the other 
hand, in step 905, the bandWidth assignment period calcula 
tion unit 124 decreases the bandWidth assignment period if 
the request bandWidth is smaller than the throughput of the 
ONU 20, Which increases the throughput of the ONU 20. In 
step 906, the MPCP control unit 121 noti?es the ONU 20 of 
the transmission alloWance (grant) including the bandWidth 
information assigned to the ONU 20. 
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[0083] Thus, the request bandWidth is compared With the 
throughput of the ONU 20 to increase or decrease the band 
Width period, thereby stepWise optimiZing the throughput of 
the ONU 20. This procedure is performed at a high speed to 
alloW quickly approaching to the optimum bandWidth assign 
ment and bandWidth period, i.e., throughput and data delay. 

Third Embodiment 

[0084] The PON system of the third embodiment according 
to the present invention is described beloW based on FIG. 11. 
[0085] FIG. 11 is a How chart shoWing the process of a DBA 
function of the third embodiment according to the present 
invention. The present embodiment is an example shoWing 
that the throughput of the ONU 20 can be optimiZed also by 
receiving a data delay request from each ONU 20. 
[0086] In step S701, the MPCP control unit 121 receives a 
request for data delay from the ONU 20 and updates the ONU 
management table 125. In step S702, the dynamic bandWidth 
assignment calculation unit 123 calculates an assignment 
bandWidth based on information of the ONU management 
table 125. In step S703, the bandWidth assignment period 
calculation unit 124 calculates a bandWidth assignment 
period based on information of the ONU management table 
125. In step S704, the MPCP control unit 121 noti?es the 
ONU 20 of the transmission alloWance (grant) including the 
bandWidth information assigned to the ONU 20. The ONU 20 
instructed by the grant transmits upstream data based on the 
grant. 
[0087] As described above, if there is netWork con?gura 
tion information or there is previous data transfer delay infor 
mation on the side of a Wide area netWork, this system is 
effective. If an IPTV broadcasting doWnload service Which is 
comparatively simple in a netWork con?guration is provided 
on the PON system as an example of services to be provided, 
for example, an IPTV server is arranged near the OLT 10 and 
an IPTV terminal may be connected to the ONU 20. In this 
case, data delay on the side of a Wide area netWork can be 
previously knoWn, enabling the calculation of the request 
bandWidth and data delay by Which a high-speed doWnload 
service can be realiZed. Consequently, the data delay request 
is received from each GNU 20 to alloW the maximiZation of 
the throughput of the ONU 20. 

Fourth Embodiment 

[0088] The PON system of the fourth embodiment accord 
ing to the present invention is described beloW based on FIG. 
12. 
[0089] FIG. 12 is a How chart shoWing the process of a DBA 
function of the fourth embodiment according to the present 
invention. The present embodiment is an example shoWing 
that the throughput of the ONU 20 can be optimiZed also by 
receiving a throughput request from each ONU 20. 
[0090] In step 801, the MPCP control unit 121 receives a 
request for throughput from the ONU 20 and updates the 
GNU management table 125. The request for throughput 
from the ONU 20 may be performed by the bandWidth 
request. Particularly, in such a data transfer protocol as to 
con?rm Whether data can be transferred like the TCP, the 
request of throughput may be determined by the combination 
of the bandWidth requirements 502 and kind of service 503 of 
the bandWidth request. In step 802, the bandWidth assignment 
period calculation unit 124 calculates a bandWidth assign 
ment period based on information of the ONU management 






